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To the reader:

This Final Report reflects the work performed by the Independent Review
Team (IRT) for the State of California to document our analysis and findings
relating to the East Span of the San Francisco Oakland Bay Bridge (SFOBB)
Seismic Safety Retrofit project. This is a very complex project and there are
many issues large and small that have been considered in order to advance our
study to the point of making final recommendations.

Our recommendations to redesign the main span using a Cable-Stayed bridge
are based on broad experience and a sufficient amount of technical analysis
provided by the members of the IRT. Ultimately, more engineering work must
be performed to complete the project to the point where it is ready for
construction. Time is of the essence. There must be a will exercised from all
affected parties for the savings anticipated in our report to be realized. With
savings forecasted to exceed $600 million and a significant reduction in risk, it
Is clear that extraordinary efforts will be required on everyone’s part in order to
best serve the people of the state. We look forward to assisting the State of
California and those who will use the SFOBB in advancing the best solution
possible for this very important project.
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Introduction

This report documents the findings, conclusions, and recommendations by the Independent
Review Team (IRT) for the San Francisco Oakland Bay Bridge (SFOBB) Seismic Retrofit
Program. The State engaged the IRT on September 3, 2004 to provide an independent
analysis of the options, benefits and risk associated with the options to either award the SAS
contract, rebid the SAS design or redesign the main span. The IRT is comprised of most of
the members of the Independent Review Committee that was formed by the State in
September 2003 to recommend actions related to the SAS design at that time. The IRC was
supplemented with environmental process experts and additional large bridge construction
experts to form an Independent Review Team.

The impetus behind the original formation of the IRC was the single bid on the E2/T1
foundation contract that was 62% over the engineer’s estimate. The IRC offered Caltrans a
series of recommendations that were combined with a variety of agency-led initiatives, and
the project was re-bid. This effort resulted in additional bidders and a re-bid price
approximately $50 million lower than the single bid.

In May of 2004, bids were opened on the main span SAS unit after alengthy bid period, with
only a single bid being submitted by a team composed of American Bridge, Nippon Sted,
and Fluor. Thissingle bid was for approximately $1.4 billion using foreign steel ($1.8 billion
using domestic steel), whereas the engineer’ s estimate was $780 million. As explained later
in the report, a combination of factors contributed to the excessive cost, the first and foremost
being the structure type (SAS) and the complexity and the risks associated in building a
single tower self-anchored suspension bridge of this magnitude and at this location. This
issue resulted in the formation of the IRT to bring together the key members of the IRC to
once again assess the viabhility, risks, and other characteristics of this project. Focus for the
IRT was to develop recommendations for the following three available aternatives:

1. Assessthe prosand consfor awarding the SAS contract to the American Bridge team

2. Assess the pros and cons of re-bidding the SAS contract with modifications to the
contract

3. Assessthe pros and cons of redesigning the SAS main span and bidding this aternative

Initial IRT Findings

In September 2004 the IRT recommended to the State of California that the single bid from
American Bridge be rejected for several reasons.

+ The state could not legally award the contract without adeguate funding in place
The single bid likely did not reflect the market price for the SAS
That redesign options existed which could save the state over $500 million and
substantially reduce the risks of cost and schedule over-runs likely to occur in building
the SAS design

In making the above recommendation, the IRT had also looked into the potential cost savings
and schedule impacts associated with severa redesign options as described in Section 2.3.



These included:

1. Redesign of the SAS to include a concrete tower and a redesigned, simpler superstructure
2. Extension of the Skyway
3. Several cable-stayed options

The preliminary evaluations indicated that:

+ The savings potential associated with the redesign of the SAS were not of a sufficient
magnitude to make this an attractive option.

+ The Skyway option would have similar or smaller cost savings than the Cable-Stayed
option; it does not represent a “ Signature Structure,” and was not one of the bridge types
recommended by the Metropolitan Transportation Commission (MTC) and Bay Bridge
Design Task Force. For these reasons the IRT did not perform further analysis on the
Skyway. Basic Skyway information is included in comparison tables, and the IRT
developed a construction schedule to satisfy a Caltrans request.

+ The cable-stayed options provided the highest level of flexibility, structural efficiency,
construction advantages, cost savings, and risk reduction.

Thus the Cable-Stayed option was judged the most attractive. As there are many factors that

affect the EIS, technical, schedule, and cost issues differently, three uniquely different cable-
stayed concepts were developed, each having certain advantages and disadvantages.

Alternate 1. A single-tower two-span option with 180m — 385m spans
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Alternate 3: A two-tower three-span option with 140m — 385m — 140m spans
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Alternates 1 and 2 are similar in general appearance to the SAS. While Alternates 1 and 3
provide a navigational span of 385m, Alternate 2 provides only a 225m main span. While
Alternate 1 tower height exceeds the 160m limit and Alternate 2 requires an additional pier in
the bay, it is our understanding that the requirement for the 385m span and tower height
limitations are stakeholder preferences and not design requirements. Discussions on these
different redesign choices are given later in Sections 4-6.

Additional IRT Analysis (Phase 2)

Phase 2 of the IRT's work, which is the focus of this report, consisted of completing a
sufficient amount of preliminary technical analysis to further resolve several key issues with
respect to the above Cable-Stayed aternatives. The key issues examined in this second phase
included:

Could the Cable-Stayed alternatives meet the seismic design criteria for the SFOBB
Determination of the foundation sizes for the Cable-Stayed alternatives, since this
was amajor element of the environmental impact with aredesign

3. Assessthe environmental consequences of any redesigned bridge options

4. Assesstheimpactsto YBI and Skyway segments

5. Develop more refined cost estimates and schedule impacts, considering the outcome
of items 1 to 3 above

1
2.

In addition to the preliminary technical analysis, contractor type cost estimates were also
developed independently by a Construction Specialist who also provided an independent
verification of the construction schedules. An environmental specialist provided independent
verification of schedule assumptions related to environmental issues, as well as an assessment
of the possible environmental consequences emanating from a redesign. The estimated
savings for the Cable-Stayed redesign options include costs of impacts to other contracts,
delay costs to the foundation contract, and redesign costs.

The IRT was also required to complete the second phase of the study report by the 19" of
November 2004 to facilitate a decision making on the redesign vs. re-bidding of the SAS.

Due to the compressed time schedule and the global nature of the issues to be resolved, the
cable-stayed aternatives were prioritized for the second phase investigation in the following
manner.

+ Alternate 1 was studied first, as this was the one requiring the tallest tower, largest of
the foundations, and the highest seismic demands for the towers, foundations, and the
interfaces.
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+ Alternate 3 was studied next, as this was initialy estimated to have the shortest
construction schedule and the largest of potential cost savings. Also, sinceit is atwo-
tower, three-span structural configuration, its technical issues are quite different from
the single tower, two-span Alternate 1 or 2.

+ The foundation and seismic issues associated with Alternate 2 can be inferred from
Alternate 3 due to similar tower height and foundation size. Thus Alternate 2 was set
aside initially until the design developments on Alternates 1 and 3 were sufficiently
advanced. The limitations on schedule and resources did not permit Alternate 2 to be
directly developed. However, the results obtained from Alternates 1 and 3 were
sufficient to conclude on the key issues of Alternate 2.

As described later in Section 3, the original SAS foundation/seismic models were used in the
preliminary design development process to make a direct comparison with the SAS. As
noted later, the analysis procedure adopted is aimed at providing conservative results for this
initial study. Further, all design checks for the foundations and interface piers at W2 and E2
were made in accordance with the original design criteria. Design checks for the concrete
towers were made with performance criteria more stringent than used for the SAS due to the
early stage of development. The seismic performance demands obtained in further stages of
design development and analysis are expected to be lower than predicted at this stage. This
conservative approach provides further confidence in the results of the IRT’s analysis.

IRT Conclusions

The results of the additional analysis by the IRT of the advantages, issues, and other factors
are summarized in Table 1 for easy reference. The maor conclusions from the Phase 2
preliminary design development work are:

1. Seismic Performance: The Cable-Stayed aternatives can meet or exceed the seismic
design criteria for the SFOBB East Span Project. This includes meeting the strain levels
with foundation elements, concrete towers, piers, superstructure, shear link performance,
and al other elements that govern the seismic performance and safety aspects of the
bridge. The concrete towers can be designed to meet the seismic performance
requirements of the project. Further information regarding the seismic performance can
be found in Sections 3.2.3, 4.2(2), and 6.2(2).

2. Foundations: In generd, it can be concluded that the foundation sizes and number of
piles can remain the same (in some cases the foundations can be smaller) with al of the
aternatives. The as-designed SAS foundations can be used for the largest of the Cable-
Stayed dternatives (Alternate 1). This assessment is based on similar pile capacity
estimates used for the SAS design. However, a review of rock strength data reveals that
the pile design used for SAS is extremely conservative. As shown later, the adaptation of
a more refined design approach should alow shortening of the drilled shafts at the main
tower T1, even for Alternate 1. For other alternates, foundation size can be reduced
through redesign, or SAS foundations can be used as is with minor modifications.

3. Environmental Issues. The Cable-Stayed design was fully evaluated in the project’s
Final EIS. Based on the technical analysis performed, the foundation sizes are not
expected to increase for the Cable-Stayed aternatives. There is sufficient reserve
capacity in the as-designed SAS foundations at this stage of development that the need to
increase their size is hard to comprehend. Further information regarding the foundation
capacity can be found in Sections 3.2.3, 4.2(2), and 6.2(2). However, should additional
pile capacity be needed for any reason whatsoever, piles can be added within the existing
foundation footprints without impacting the foundation sizes.



Thus, the only environmental issues anticipated are the change of structure type from
SAS to Cable-Stayed for al three of the alternatives, the height of the tower above
elevation 160.0m for Alternate 1, and the need for one additional foundation in the bay
for the Alternate 2. The temporary piers required under the SAS design would be
eliminated under the Cable-Stayed alternatives.

Both the SAS and cable-stayed designs were fully evaluated as design options under the
Preferred Alternative in the SFOBB’s Final Environmental Impact Statement (FEIS) that
was completed in 2001. The FEIS concluded that the overall environmental impacts of
these two options were virtually identical. All necessary environmental work can be
accomplished through a reevaluation process with minor modifications to existing
permits as necessary. Additional environmental documentation and modification of
existing permits for the Cable-Stayed alternatives can be accomplished in a 9-month
period.

Table 2 at the end of the Executive Summary compares the Environmental Intrusions of
the various Cabled-Stay alternatives, and the Skyway option to the original SAS design.

Impacts to YBI and Skyway Interfaces. In genera, all of the options considered had
little or no impact to the YBI interface. In any case, if some change is heeded to the Y BI
interface, it can be incorporated into the design, asit is still under development. On the
Skyway side, some of the schemes (for example, Alternate 1, transition option A) have
no impact to the interface, whereas other schemes would have some resolvable design
issues. These would simply be designed into the interface and appropriate changes made
to the Skyway contract.

Cost Savings: The estimated net cost savings for Alternates 1 and 3 exceed $600
million. Further, there is an additional estimated savings in excess of $250 million for
potential additional costs during construction, as the Cable-Stayed design is judged to
have less risk with respect to its fabrication and erection. The same can be inferred for
Alternate 2. These cost savings are based on the assumed base price of $1.58 billion
($1.4 billion on the SAS recent bid and $178 million on E2/T1).

Schedule Impacts: All of the Cable-Stayed alternatives can be constructed by or before
the theoretical SAS construction timeline. However, if construction were to proceed on
the SAS design, there are overwhelming reasons to expect significant schedule creep
during construction; thus, all of the Cable-Stayed alternatives provide significant
schedule advantages over the SAS. Detailed schedules were developed for the Cable-
Stayed alternates in two scenarios. The first scenario assumed no redesign (except some
minor potential adjustments) of the foundations, and the second scenario assumed that the
foundations would be significantly redesigned. The detailed schedules developed for the
different alternates under these two scenarios are given in Section 7. The feasibility of
the use of existing SAS foundations provides schedule advantages in addition to the
direct economic advantages.

SAS Risks: One of the elements of the SAS Bridge that the IRT was asked to review
concerned the risk characteristics associated with the construction of the SAS. The
single-tower SAS of this size and constructed in this environment is a first-of-a-kind
bridge. Even though a bid has been received, there is no reasonable assurance that it
could be built within the bid price and schedule. Section 9 details numerous risks
associated with constructing the SAS. These risks could add several years to the
schedule for completing the SAS design. In addition, it is recommended to budget a
construction contingency of $350,000,000 to address these items if the SAS design is

10
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pursued. Experience indicates that first-of-a-kind major bridges have a high potential for
construction claims, added costs, and schedule delays.

Project Delivery Method: There are two primary project delivery methods. Design-
Bid-Build and Design-Build. Based on the knowledge and experience of the IRT
members, it is recommended that design-build not be used for the completion of the
Main Span of the SFOBB project if the SAS approach is retained. Thisislargely due to
the complexity of the SAS design and inexperience of Caltrans in utilizing design-build,
especially on such acomplex project.

Design-build could be considered with a cable-stayed alternative, as there is not the level
of complexity, uncertainty, and inexperience with the cable-stayed design as there is with
the SAS. Design-build could be considered for the cable-stayed design if the following
conditions were met.

Obtain authorization to use design-build from the legislature

Validate that the environmental requirements and coordination issues with resource
agencies will not be a detriment to the design-build process

Prepare Caltrans with the policies and procedures to go forward using design-build
Validate that there are costs or time savings associated with using design-build on a
cable-stayed dternative

If the analysis of the project results in affirmative answers to all of these questions, then
design-build should be considered. Additiondly, it is the recommendation of the IRT
that if design-build is utilized for the Cable-Stayed aternative, then Caltrans should
immediately secure the services of a project management consultant with experience in
the development and management of large design-build projects. The IRT does not
recommend advancing design-build on either the SAS or the Cable-Stayed alternative if
the project is going to be self-managed by Caltrans.

IRT Recommendations

Based on the findings from our study, the IRT recommends proceeding with the redesign of a
selected Cable-Stayed alternate. As there are significant cost impacts associated with delays
to the current E2/T1 foundation contract, time is of the essence. Alternate 1 offers the most
advantages with respect to schedule, and Alternate 3 offers the most in estimated cost
savings. Alternate 2 requires evaluation of an additional foundation in the bay, which has
potential for schedule delay and offers no real advantage over Alternate 1 or 3.

The IRT offers the following recommendations for the State of California:

1.

2.

Immediately adopt the redesign option and select either Cable-Stayed Alternative 1
or 3 asthe course of action for moving forward on the main span of the SFOBB.
Immediately procure the services of an engineering consulting firm to complete the
design work related to the Cable-Stayed option selected in #1 above.

Immediately complete a detailed cost analysis for the Cable-Stayed option selected
for inclusion in the program budget for the TBSRP for presentation to the legislature.
Immediately develop a course of action to deal with the current E2/T1 contract under
construction by Kiewit.

Immediately start the environmental reevaluation process and any necessary permit
modifications.

11



Table1: Evaluation of Cable-Stayed Alternatives

Cable-Stayed Redesign Options

SAS Design Additional Comments
Alternate 1 Alternate 2 Alternate 3
A. Environmental |ssues
1 Tower top 160.0m 217.0m 160.0m 147.0m Alternate 1 tower height exceeds
elevation the 160.0m stipulated for the
SAS'. Requires a minor revision
to the EIS.
2 | Navigational 385.0m 385.0m 225.0m 385.0m Alternate 2 navigational span is
span 40% less than the 385.0m for the
SAS. Requires a minor revision
to the EIS.
3 | Structure Very similar to CS Very similar to the Very similar to the Somewhat different Requires a minor revision to the
appearance Alternates 1 and 2 SAS SAS from the SAS, yet a EIS for cable-stayed bridges.
signature form
4 Number of W2, T1 (main Same as the SAS, One additional Same as the SAS Alternate 2 requires a revision to
foundations tower) and E2 with reduced pile foundation required with E2/T1 shifted the EIS to allow an additional
lengths at T1 40m to the west foundation in the bay.
5 | Foundation Baseline sizes Same as the SAS Can be smaller than Can be smaller than No increase in foundation sizes
sizes the SAS SAS anticipated. For Alternates 2 and
3, the foundation sizes could be
reduced”.
6 | Temporary Required. Not required Not required Not required Cable-stay superstructures are
piers in the bay | Significant cost constructed without temporary
item piers.
7 | Additional None Reevaluation Reevaluation Reevaluation CS already evaluated in the EIS
NEPA review and was found to have impacts
that were virtually identical to that
of the SAS.
8 | Modification of | None Minor Moderate Minor CS-related changes would be

permits

minor. Elimination of temporary
piers would be viewed as
beneficial by Resources Agencies.

"It is our understanding that this is a stakeholder preference
? One additional bay foundation is needed for Alternate 2

12




Cable-Stayed Redesign Options

SAS Design Additional Comments
Alternate 1 Alternate 2 Alternate 3
B. Seismic Safety & Seismic Performance
1 Foundations SAS design criteria | Same as SAS Same as SAS Same as SAS These elements were checked
— foundations against the same design criteria as
2 Piers W2 and SAS design criteria | Same as SAS Same as SAS Same as SAS the SAS, using the seismic
E2 _ piers demands obtained from the same
ADINA foundation/seismic
3 | Shear links SAS des‘ign criteria | Same as SAS Same as SAS Same as SAS model used in the design of the
— shear links SAS. In the final design, these
4 Superstructure SAS design criteria | Same as SAS Same as SAS Same as SAS elements can be designed to be
stipulated.
5 Concrete tower | Essentially elastic Meets or exceeds Meets or exceeds SAS | Meets or exceeds SAS The strain limits used to check
response under SEE | SAS performance performance design performance design the seismic performance of the
criteria criteria criteria concrete tower for SEE are the
6 Overall seismic | Essentially elastic Meets or exceeds Meets or exceeds SAS | Meets or exceeds SAS SSEIAII;e;S Fhoie ?se(iigc.)r. FEEhm the
safety response under SEE | SAS performance performance design performance design bl esign’. Ina 1t191(11, the
criteria criteria criteria cable arrangement provides
considerably more global stability
and enhances overall seismic
performance and safety.
C. Interface I ssues
1 YBI side Baseline case Not an Issue Not an Issue Not an Issue The YBI side is still in the design
phase. Any modifications needed
are expected to be relatively
minor and can be incorporated
into the design
2 Skyway side Baseline case Transition Option A | Transition Option A Requires design All three CS alternates can be

has no impact
Transition Option B
require some design
evaluation

has no impact
Transition Option B
require some design
evaluation

revision to shorten the
length of the Skyway
superstructure.
Relatively minor
change to the design

used in a manner that requires
little or no change to the Skyway.
However, as with Alternate 1,
Transition Option B, there are
benefits to be gained if some
changes can be made to the
Skyway.

3 The SAS design criteria allow some limited damage at the higher magnitude SEE event and allows no damage at the lower magnitude FEE event.
The concrete tower design checks under the SEE event meets the no-damage requirements stipulated for the FEE event.
13




Cable-Stayed Redesign Options

SAS Design Additional Comments
Alternate 1 Alternate 2 Alternate 3
D. Other
1 Design Life 150 years (for the Same as the SAS Same as the SAS Same as the SAS and The deck design and performance
SAS and Skyway). and Skyway and Skyway Skyway for the cable-stayed options
Baseline design life would be the same as the SAS or
Skyway, depending on the final
deck type selection®.
E. Schedule
1 No foundation — Completion in late Not applicable Completion in early There is some schedule
redesign 2010 2010° advantage with Alternate 1, as the
2 | Foundations — Not applicable Completion in late Completion in late ex1§t1ng.foundatlops can be used
redesigned 2010 2010 as-is (with only minor
modifications)®.
F. Cost Savings
1 Savings in — $673,000,000 $700,000,0007 $829,000,000 The additional savings is the
construction estimated difference between the
2 | Additional — $250,000,000 $250,000,000 $250,000,000 potential for construction cost
. additions between the SAS and
savings the CS
3 Total potential — $923,000,000 $950,000,000 $1,079,000,000
savings

See Section 3.2.1

The existing foundations are too big for optimal design of this alternate. Redesign is preferred from a technical point of view to achieve better overall

performance

The potential foundation contract delay claims can best be minimized with Alternate 1
Would depend on the terms and conditions of modifications to the existing foundation contract to include the additional foundation or potential re-bidding of

the foundation contract
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Table2: Environmental Intrusion Comparison

Cable Stayed Options

SAS Skyway
Alternate 1 Alternate 2 Alternate 3

Maximum Tower Height 160 meters None 217 meters 160 meters 147 meters
Cable System Appearance Sag cable with None Inclined taut Inclined taut Inclined taut

vertical taut cables cables cables

cables
Visual Impact of Main Span * 48,310 m* 8,500 m” (C) 57,885 m’ 30,600 m’ 52,200 m*

5,700 m*(S)
Baseline Enhanced Reduced Size of | Enhanced

Signature Span

No Signature Span

Signature Span

Signature Span

Signature Span

Total Piersin Bay 44° 45 44 45 44

Net Fill in Bay (Acres) 2.61° 2.66 2.61 2.60 2.60

Temporary Foundationsin Bay Yes Concrete — No No No No
Steel — Yes

Deck Height at Highest Point Baseline Same Same Same Same

Super structure Profile Thickness 5.5 meters 15 meters (C) 5.0 meters 5.0 meters 5.0 meters
10 meters (S)

Navigational Channel (Clearance) 42.6 meters 33.1 meters (C) ¢ 43.1 meters 43.1 meters 43.1 meters
38.1 meters (S)

Navigational Channel (Width) 385 meters 260 meters (C) 385 meters 225 meters 385 meters
205 meters (S)

Biological | mpact Baseline Slight Increase No change Slight reduction | Slight reduction

Historic/Cultural Resources Baseline No change No change No change No change

Archeological |mpacts Baseline No change No change No change No change

 Visual Impact of Main Span considers the total square meters for the tower, cables and deck in the elevation view. The tower below the deck is not included

in the calculations
® Source — Figure 2-10.1 of Final EIS
¢ Source — Table 4.9-2 of Final EIS

4229% reduction from the minimum clearances shown for the SAS
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2.

INTRODUCTION

2.1

2.2

Introduction

This Final Report documents the findings and conclusions of the Independent Review Team
(IRT) for the San Francisco Oakland Bay Bridge (SFOBB) Seismic Retrofit Program. It covers
the work of the IRT from September 7 through November 19, 2004. This report contains an
overview of the current status of the SFOBB, an analysis of alternatives available as well as
conclusions and recommendations to the State of California for advancing this project to
completion.

Background

The Toll Bridge Seismic Retrofit Program (TBSRP) was established in response to the need to
preserve critical structures in the state against possible future seismic events. The program is
composed of a number of projects the most significant of which is the replacement of the East
Span of the San Francisco Oakland Bay Bridge (SFOBB). This is the last major project to be
completed as part of the TBSRP. The East Span replacement is divided into 16 contracts, the
most notable of which is the signature main span located just east of Yerba Buena Island known
as the Self Anchored Suspension (SAS) bridge.

The SAS bridge was selected in 1998 through an extensive public process and adopted as the
preferred alternative for the Environmental Impact Statement (EIS) and the Record of Decision
(ROD) signed by the Federal Highway Administration (FHWA).

In May of 2004, bids were opened on the SAS with only a single bid being submitted by a team
composed of American Bridge, Nippon Steel and Flour. This single bid was for approximately
$1.4 billion (foreign steel bid) and was significantly over the engineer’s estimate for the work of
$780 million.

The Independent Review Team (IRT) was first constituted for the San Francisco Oakland Bay
Bridge Seismic Safety Retrofit Program on September 7, 2004. Thomas R. Warne, PE, a
nationally recognized transportation professional, was invited to chair the effort and additional
individuals from the transportation industry were invited to complete the membership of the IRT.
Each member of the IRT is a professional with specific expertise in some area of large project
delivery or other such elements relative to the TBSRP. Abbreviated curricula vitae for each
member of the IRT are found in Appendix A. The impetus behind the original formation of the
IRT was the single bid on the SAS foundation contract that was almost 80% over the engineer’s
estimate.

In September 2004, the IRT was asked to offer recommendations to the State and Caltrans
regarding the disposition of the single bid received on the SAS (Superstructure and Tower)
Contract in May. In its Executive Summary dated September 30, 2004 the IRT recommended to
the State of California that the single bid from American Bridge be rejected for several reasons:

o The state had insufficient funding to award the bid and could not legally do so
The single bid likely did not reflect the market price for the SAS

o That redesign options existed, including a cable stayed alternative which could possibly save
the state over $500 million
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Subsequently, the state rejected the single bid and launched a new process designed to bring to
conclusion the most responsible decisions relating to the completion of the East Span of the
SFOBB. The work performed by the IRT since its inception in September 2004 is documented in
this Final Report and is based upon the scope of work detailed in the next section of this
document.

Scope of Work

The scope of work for the IRT is divided into two phases. This first phase reflects the work
completed by the Independent Review Team after it was activated on September 3, 2004 but prior
to the September 30th decision to reject the single SAS bid. Here the express purpose was to
offer input and recommendations regarding alternatives for the State of California in advancing
the SAS main span project and the appropriate action relating to the single bid received from the
team composed of American Bridge, Nippon Steel and Fluor.

In doing this, the IRT was asked to assess the viability, risks and other characteristics of the
following three options for moving ahead with the Main Span project.

Option 1 - Award the contract to the American Bridge team
Option 2 - Rebid the SAS contract with modified terms and conditions
Option 3 - Redesign the main span

The work of the IRT would include an assessment of the pros and cons for advancing each of
these options so that the state could determine the comparative advantages and disadvantages of
each.

The second phase of the IRT’s work consisted of performing sufficient technical analysis of
Option 3 with the assumption of a possible cable stayed approach. This work would; determine if
the cable stayed options could meet seismic criteria for the SFOBB Project, determine what, if
any, modifications were necessary to the foundations currently planned and/or under construction
and assess the environmental consequences of any redesigned bridge options. In addition,
appropriate analysis and cost impacts for the main span project as well as adjacent projects were
to be determined. This report will offer the results of the IRT’s work in both phases of this
project.

Phase 1: Three Options-September 30, 2004

The IRT reviewed the single bid condition for the SAS and was tasked by the State of California
to offer alternative courses of action. Ultimately, the IRT concluded that there were three
available options to the state for advancing the main span work of the East Span of the SFOBB.
They were:

Option 1-Award the contract to the American Bridge team
Option 2-Rebid the SAS contract with modified terms and conditions
Option 3-Redesign the main span

Each of these options has pros and cons, as well as certain elements of risk. A brief summary of
the pros and cons for each option including some commentary is provided below:
Option 1-Award the contract to the American Bridge team

Pros

1. Caltrans has a bid in hand
2. Known starting or base price for the work
3. No further environmental analysis or permitting is required
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4. The project continues to advance towards completion
Cons

Single bid doesn’t ensure the most competitive price for the state
Significant constructibility concerns expressed by contractors
Complex fabrication issues with bridge components

One-of-a-kind bridge with little or no US experience in its construction
High risk of schedule delays

High risk of cost overruns

Limited sources for some specialty materials

High cost ($200-300 million) for temporary throw-away work

S A o e

This first option called for extending the current period for contract award to the American
Bridge team for an additional term of five months or more so that sufficient funding could be
secured to finalize this contract. The timing of this option was full of uncertainties and the
outcome of the final contract even more so. Under current procurement code in California, the
state is unable to commit to any price adjustment or other concessions with a contractor prior to
entering into a contract with that organization.

Therefore, American Bridge would be required to hold their price constant from May 2004 until
the state was in a position to execute a contract with them. With inflation in construction in the
range of 5% per year and some materials, such as steel and cement, changing even more, it would
be unfair for the state to expect American Bridge to hold their prices firm under such
circumstances for any long period of time.

Of equal importance is the fact that the state only received one bid tender. The IRT accepts that
American Bridge has stated this to be a fair price for the work to be performed. However,
without the opportunity for competition there is little the state can rely on about this price relative
to the true value for this work if priced in a competitive environment. It is generally accepted in
the contracting industry that owners achieve the most cost effective price when at least two
bidders compete. When multiple bidders compete owners then know the market price of their
project. At this point, Caltrans does not have this crucial information.

Perhaps most significant is the fact that the state does not have sufficient funding to award the
contract and is legally prohibited from doing so. Thus, awarding the SAS to the single bidder
wasn’t a viable option on September 30, 2004 even if this was a desirable course.

Option 2-Rebid the SAS with contract modifications
Pros

1. Possibility of one more bidder creates some measure of competition and potentially
reduces project costs
2. No further environmental analysis or permitting is required

Cons

Some project delay due to the timeframe required to rebid the project
Significant constructibility concerns expressed by contractors
Complex fabrication issues with bridge components

One-of-a-kind bridge with little or no US experience in its construction
High risk of schedule delays

High risk of cost overruns

Limited sources for some specialty materials

High cost ($200-300 million) for temporary throw away work

NN R LD =
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This option has many of the same pros and cons as Option 1-Award the contract to the American
Bridge team. Two significant differences lie in the fact that Caltrans can modify the contract
terms and conditions in order to create a better bidding environment and the hope that additional
contractor teams will want to compete for the SAS work. In the first case, contract terms and
conditions can make a substantial difference in how contractors view a project and ultimately
price the work. If owners are fair about risk allocation, offer clear terms and conditions which
reflect the complexity of the work and otherwise create a favorable environment for pursuit of the
construction activities, this encourages contractors to offer competitive prices. This can be done
while still guarding the public trust.

Regarding the second point, it is anticipated that at least two teams would need to offer bids on
the SAS rebid to achieve some measure of competition. More would be desirable but given the
limited population of contractors/contractor teams capable of building a project like the SAS little
likelihood exists that the competition would include more than two teams. The risk to the state in
following this option would occur if no team chooses to bid the SAS the second time around or if
only one team bids it again. It is the opinion of the IRT that California would then have little
choice but to award the SAS on a rebid regardless of the prices submitted on the second round of
bidding. The history of failing to award contracts on the SFOBB will begin to work against
Caltrans given the rejection of the original E2/T1 bids in 2003 and now the SAS bids in 2004.
The contracting community expends considerable sums and good will in bidding state work and
the process of bidding and rebidding work is damaging to the reputation of the state and will
ultimately result in higher overall prices from the industry.

Option 3-Redesign the main span

Pros

1. Potential for significant cost savings to the state

2. Ability to meet the schedule objectives of the project and complete the work by 2011
3. Increased competition

4. Ability to build a “signature” type structure

5. Auvailability of materials

6. Fabrication of materials is simplified

Cons

1. Possible conflicts with the E2/T1 SAS foundation contract

2. Cost of redesign of the main span

3. Cost of interface changes with the Skyway and Transition contracts
4. Additional environmental/permitting work

5. Time to complete additional environmental/permitting work

6. Need to change legislation regarding the SAS design

7. Possible schedule impacts to other projects

The final option available to the State of California is the redesign of the main span and the
construction of an alternative bridge type. Essentially, this option recognizes that alternative
bridge types could be constructed which still achieve project objectives. These include
modifications to the SAS design, the extension of the current skyway bridge over the main span
and the use of a cable-stayed design. The cost savings to the state are substantial for the latter
two alternative bridge types when compared to the expense of building the SAS as currently
envisioned. After considerable analysis by the IRT the cable-stayed alternative was ultimately
considered to be most desirable for replacing the SAS design. This analysis will be presented
later in this report.
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2.3

In order for there to be an appreciation for the IRT’s conclusion that a cable stayed bridge is most
advantageous to the state a brief review of all three redesign options will be provided.

The as bid price for the Self Anchored Suspension Bridge (Superstructure, Towers and
Foundations E2, T1) is approximately $1.6 billion with the foreign steel bid. This total includes
both the cost for the SAS Superstructure and Tower as well as the E2/T1 foundation contract. It
equates to a cost per square foot of deck area of over $4000 which is significantly out of the cost
range of more typical (cable stayed bridges) of the same span length. While the project’s seismic
criteria and local construction conditions can account for some of this difference, the following
factors among others also contributed largely to the high cost:

Uniqueness of SAS design

Construction risk

Lack of competition

Steel fabrication complexity

Construction requirements (Need for Temporary Piers)

kW=

Main Span Redesign Options

Based on experience and the significant amount of engineering work performed on the East Span
project to date, the following redesign alternatives are expected to result in cost savings of various
amounts:

1. Redesign SAS
2. Continue Skyway
3. Redesign as Cable Stayed

Each redesign option is briefly reviewed in the following:

2.3.1 Redesign the SAS

The current Self Anchored Suspension bridge could be redesigned by changing the steel
tower to a concrete tower and the steel orthotropic superstructure to a steel composite
(lightweight concrete) superstructure.

Advantages:

Reduced expensive steel fabrication

Concrete construction familiar to local construction community

Potential for increased competition

More adaptable to temporary stayed construction to avoid costly temporary piers
Can meet project schedule if environmental time frame is achieved

* & & o o

Disadvantages:
+ Larger foundations (Environmental Issue)
+ Larger Suspension Cable

Potential Savings: $100 — 200 million

2.3.2 Continue Skyway

The current skyway design (box girder type bridge) could be continued to Pier W2 with
various design modifications. A concrete or steel box girder superstructure could be used.
This design would require an additional costly foundation in the bay.
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Advantages:

+ Continuation of a bridge design and associated construction methodology more
familiar to US Contractors
Less risk for cost and schedule overruns.
Potential for more competition
Can Meet Project Schedule if Environmental Time Frame is Achieved (See
Environmental Discussion)

Disadvantages:

+ Not a Signature Bridge Solution
Additional Costly Foundation in Bay
Potential for Single Bidder for concrete box girder (Advantage to Current Skyway
Contractor)

+ Higher Degree of Environmental Impact due to Additional Pier Requirements

Potential Savings: Greater than $500 million®
Additional Discussion on the Skyway Option: Extending the skyway by using a box

girder structure for the main span between hinge A and K is a viable option for the
redesign. For this option, both concrete and steel superstructures are possible and are

further described below.
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Figure 2.1: Skyway Concrete Box Girder Re-Design Option

1) Concrete Box Girder - In order to layout the span arrangement for the concrete box
girder, the construction methodology is important. With a main span greater than 200
meters, the optimum construction method is balanced cantilever using cast in place
construction (with form travelers) or a combination of cast in place and precast
construction (since skyway casting yard is already set up). In order to reach hinge A,

¥ Preliminary estimate based on the cost of Skyway. The increased span lengths and deeper box girders required for
the main span was not factored in to this preliminary estimate
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2)

cantilevers of 40 meters each side of pier E2 are required. This leaves 520 meters to
reach pier W2. Using balanced cantilever construction from piers T1 and E2A results
in a three span arrangement of 130m-260m-175m (see Fig. 2.1). For this
arrangement pier T1 is shifted 50 meters to the west. The 260 meter span would be
the longest span for this bridge type in the US (however only 14 percent greater than
the Houston Ship Channel Bridge which has a main span of 228 meters) thus
constructability should not be a problem. This option was not recommended for
further study for the following reasons:

a. Our experience indicates that this solution would be more expensive than Cable
Stay Alternate 2

b. This bridge has significantly more mass than CS Alt. 2 and thus greater
foundation impacts

c. Requires additional pier (Pier E2A) in the bay

d. Bridge type not considered a signature bridge and not a structure type originally
adopted by the MTC and Bay Bridge Design Task Force

Steel Box Girder - The span arrangement for the steel girder option is not as
construction dependent as the concrete solution. Keeping piers W2,T1 and E2 in their
current location would result in a three span arrangement of 180m-205m-180m with
a 40m section cantilevering beyond pier E2 to hinge A. While the end spans are
longer than optimum it was felt to be more desirable to keep the piers in their current
location if possible. Additional pier E2A would be positioned 180 meters west of pier
E2. A steel orthotropic deck was assumed for this option. Construction methodology
for this bridge would be to construct the end spans using temporary supports,
cantilever into the main span from piers T1 and E2A a certain distance and then lift
the central girder section from the completed cantilevers ends. Large steel box girder
sections (approx. 35 feet deep at the piers) would be fabricated, barged to the site,
and lifted onto the piers and temporary supports. The center section would be
fabricated full length, barged to the site and lifted using a jacking arrangement from
the completed cantilevers. This option was not recommended for further study for the
following reasons:

1) Our experience indicates that this option would be more expensive than
Cable Stay Alternate 2

2) Fabrication of the large steel orthotropic sections is costly and not possible
for US fabricators without significant up front set up costs.

3) Requires additional pier (Pier E2A) in the bay.

4) Require expensive temporary supports(similar to the SAS) in the deep
portions of the bay and on the island

5) Not considered a signature structure and not a structure type originally
adopted by the MTC and Bay Bridge Design Task Force.
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2.3.3

Redesign to a Cable Stayed Bridge

Cable Stayed Bridges have continued to gain world wide acceptance due to their beauty
and economy. The cable stayed bridge was one of the alternates studied during the Type
Selection Phase of the project in 1998 and gained stakeholder and public acceptance.
Their advantages and cost efficiency are primarily related to the following factors:

1) Improved constructability

Proven and faster superstructure construction
Temporary piers not necessary in the Bay
Contractor familiarity with their construction
Simpler structural elements and details

* & o o

2) High structural efficiency

+ Traditional superstructure construction (steel composite) familiar to industry
+ Concrete Towers
+ U.S. Stay cable technology

3) Predictable costs above foundation level
4) Greatly increased competition

+ Reduced construction risk over SAS

+ General contractor pool — US Cable stayed bridges generally attract 4 or more
bidders
Steel framing familiar to US steel fabricators
Multiple cable suppliers

The following cable stay redesign options are feasible given the current constraints in the
project: Each is based on the use of concrete towers (single tower between roadways), a
steel composite lightweight concrete superstructure, and two planes of cable stays
(similar to the preferred arrangement studied in Type Selection Phase in 1998).

1) 180 m— 385 m Two Span (Figure 2.2)

Single Tower (55 m taller than SAS)

Moderate change in visual form

Same foundation locations as current SAS

Possible larger T1 foundation

Can meet project schedule provided environmental schedule can be achieved
(See Environmental Discussion)

* & & o o
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Figure 2.2: Cable-Stayed Alternate 1

2) 180 m—225 m Two Span (Figure 2.3)

Single Tower (same height as SAS)

Moderate change in visual form

Same foundation locations as current SAS

One additional pier required in Bay

Possible same size E2, T1 foundations

Can meet project schedule provided environmental schedule can be achieved
(See Environmental Discussion)
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Figure 2.3: Cable-Stayed Alternate 2

3) 140 m— 385 m — 140 m Three Span (Figure 2.4)

+ Two towers (same height as SAS)
+ More extensive change in visual form
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2.4

Same number of foundations as SAS however require moderate shift in location
Possible same size E2, T1 foundations

+ Can meet/shorten project schedule provided environmental schedule can be
achieved (See Environmental Discussion)
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Figure 2.4: Cable-Stayed Alternate 3
Relevant Previous Work - Cable Stayed Alternatives

As noted below, there have been some previous studies of a cable-stayed alternative for this
location, and many of the performance aspects have been investigated and verified that such a
design can meet the same design standards as the SAS

In early 1998, the TY Lin/Moffatt Nichol Joint Venture performed a 30% design for a cable
stayed main span segment of the SFOBB east spans. The 30% design level was to incorporate
seismic related requirements into the cost estimates. A special focus was placed upon
foundations, piers, structural configuration and fuses. These are similar areas that the IRT is
focusing on in our analysis of the cable stay options. The bridge consisted of two spans (215m,
275m), utilized a concrete tower with shear links and a steel composite superstructure with
lightweight concrete deck. An alternate deck system using steel orthotropic deck was also
included. Alternate 1 of the IRT cable stay option is very similar to the bridge studied by the
Joint Venture except the spans are 180m, 385m representing an increase in total length of only
15%. The results of the analysis and design are summarized in a report titled “SFOBB East Span,
Seismic Safety Project, 30% Type Selection, May 1998”.

Some of the major conclusions of that document are the following:

1) Concrete Tower with Shear Links — “The composite design of this tower section combines
the economy of reinforced concrete tower construction with the exceptional ductility of
compact steel links, using both materials to their greatest advantage. The resulting system is
a great improvement over either all concrete or all steel systems in terms of value,
performance, and maintainability.
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2) Wind Design — Cable stayed single tower bridge is expected to be extremely stable in both
horizontal and vertical modes of vibration. The deck section (with the bicycle path on the
windward or leeward side) became progressively more and more stable as the wind speed
increased up to a full scale equivalent wind speed of over 225 m/s. No critical flutter velocity
was detected.

3) Seismic Performance — The seismic performance rankings of the single tower cable stayed
bridge was a 9.5 out of possible 10. A similar ranking was given for the single tower self
anchored suspension bridge. This ranking indicates that the cable stayed bridge would
perform exceptionally well in a seismic event and meet the seismic criteria for the project.

A paper titled “New Developments in Cable Stayed Bridge Design, San Francisco” by David
Goodyear and John Sun (both of TY Lin) (Appendix B) further describes the design and analyses
of the cable stayed option for the SFOBB East Span. The following are the conclusions from that

paper:

“The design combination of composite deck, shear-linked tower and splayed cable configuration
represents a unique and progressive solution, which is a departure from the classical design
approach of a cable-stayed bridge. The innovations in this design were developed in response to
the challenges of design for the unique seismic demands and architectural requirements of this
bridge site. Of particular note is the excellent performance of the shear-linked pylon design,
which contrasts sharply with the conventional approach of weak-column/strong beam used in
seismic design of contemporary bridges. The superior performance of the weak-beam solution
allows all ductility to reside in replaceable steel links, greatly improving the reliability of the
vertical load carrying tower sections. The resulting structural system improves performance over
traditional solutions, and provides a new benchmark in major bridge design for cable-stayed
structures in regions of extremely high seismicity.”

All of the cable stay options bring potential cost savings greater than $500 million. However, they
have various degrees of; environmental impacts (due to potential foundation increases in size and
number and aesthetic considerations), seismic performance characteristics, adjacent contract
impacts, and schedule impacts, the focus of the Phase 2 effort discussed in the remaining sections
of this report was to further investigate these issues so that sound conclusions could be made to
advance recommendations going forward.
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PRELIMINARY DESIGN DEVELOPMENT

3.1

3.2

Objectives

The objectives of the preliminary design development effort during Phase 2 IRT work was to
examine the key technical issues with respect to cable-stayed redesign alternatives to assess that
no major design difficulties or EIS issues would be encountered during the final design
development phase. Key issues in this stage were:

Determine the foundation sizes and environmental impacts

Confirm that seismic standards can be met with a concrete tower as proposed

Determine impacts to adjacent structures (Skyway and YBI)

Refine/confirm previous estimates of cost savings and construction schedules

Identify the best option(s) for further design development (to maximize cost savings and
minimize schedule and project risk)
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Due to the need to make a decision with respect to the redesign/re-bid options in early 2005
(expected to be January), resolving the above issues quickly became essential. To best use the
limited amount of time and resources available in Phase 2 of the IRT’s work, the alternatives
were prioritized in the following manner.

Prioritization of Alternates

Alternate 1 was studied first, as this is the one requiring the tallest tower, largest foundations, and
the highest performance demands for the towers, foundations, and interfaces. Alternate 3 was
studied next, as this was initially estimated to be the one with the shortest construction schedule
and the largest of potential cost savings. Also its two-tower, three-span structural configuration
results in technical issues that are quite different from the single-tower, two-span Alternate 1.
The foundation and seismic issues associated with Alternate 2 can be inferred from Alternate 3
due to similar tower height and foundation size. Thus, Alternate 2 was set aside initially until the
design developments on Alternates 1 and 3 are sufficiently advanced. Also, Alternative 2 has an
additional pier in the bay, and it is the one with the greatest potential environmental impact and
thus the greatest schedule risk. Therefore, focusing first on the other two was deemed justifiable.
The limitations on schedule and resources did not permit Alternate 2 to be directly developed.
However, the results obtained from Alternates 1 and 3 are sufficient to draw conclusions on the
key issues on Alternate 2.

Preliminary Design Development Approach

As the key objectives of this investigation were to identify the foundation impacts, interface
issues, seismic performance and design demands on the tower, and to ensure sufficient flexibility
during the final design development, conservative assumptions (covering a relatively wide range
of possibilities) were made with respect to the following elements:

Roadway deck

Weight of the superstructure

Tower modeling and design checks

Foundation modeling, pile layouts, and design checks

el
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5. Energy dissipation, ductility, and safety
6. Loading conditions
7. Interface issues

3.2.1

3.2.2

Roadway Deck

The most attractive options for the roadway deck for the cable-stayed alternates include
the use of one of the following two systems

1. Precast, prestressed lightweight concrete panels with a concrete overlay:

The concrete slab design will be based on the same stress/strain limitations used for
the Skyway structure, and the overlay thickness of 40mm assumed is twice that
provided on the Skyway structure. Thus, the life expectancy of the concrete deck is
expected to be at least equal to that of the Skyway

2. Steel orthotropic deck with an asphaltic overlay similar to the one on SAS

Both of these deck options will provide equal performance to those elements of the
SFOBB SAS design.

Weight of the Superstructure

The different superstructure configurations that can be considered in conjunction with the
two types of roadway deck noted above consist of:

1. SS1: Steel composite superstructure using a lightweight concrete deck and Grade 50
steel for edge girders and floor beams, and 40mm overlay and concrete barriers
supported by two cable planes

2. SS2: Steel composite superstructure using a lightweight concrete deck and Grade 70
steel for edge girders and floor beams, and 40mm overlay and concrete barriers
supported by two cable planes

3. SS3: Steel composite superstructure using a lightweight concrete deck and Grade 70
steel for edge girders and floor beams, and 40mm overlay and concrete barriers
supported by three cable planes

4. SS4: Steel superstructure using a steel orthotropic deck and Grade 70 steel for edge
girders and floor beams, and 20mm overlay and steel barriers similar to SAS and
supported by two cable planes

5. SS5: Steel superstructure using a steel orthotropic deck and Grade 70 steel for edge
girders and floor beams, and 20mm overlay and steel barriers similar to SAS and
supported by three cable planes

The weight of superstructure SS1 (heaviest option) was worked out using a combination
of preliminary sizes and allowances based on past experience. The weights of the others
were estimated down from SS1 based on simple proportioning. The preliminary weight
estimates for the different superstructure options described above are tabulated in Table
3.1. For engineering analysis, a superstructure weight of 350 kN/m was assumed,
corresponding to SS1. This (selection of the heaviest option) would produce the most
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aggressive seismic demands on the foundations, tower(s), cables, and the interfaces.
Thus, it would also ensure the validity of conclusions from the Stage 2 design
developments if any one of the cable-stayed alternatives were to be further developed.

Table 3.1: Superstructure Options and Estimated Superstructure Weights

Weights in kN/m (Per Roadway)
Superstructure Item 3S1 3S1 353 SS4/ SS5
1 | Roadway Deck’ 130 130 130 52
2 Deck Over Floorbeams 7 7 7 =3
3 Steel Box Edge Girders 72 60 50 ~ 50
4 | Steel Longitudinal Struts" 12 12 12 ~ 12
5 | Steel Floorbeams’ 38 30 20 = 30
6 Barriers 15 15 15 5
7 Railings 1 1 1 1
8 W/S 29 29 29 15
9 Fiberglass Panels 10 10 10 10
10 | Bike Path / Ballast 36 36 36 36
Total estimated superstructure weight (kN/m) 350 330 310 215
% Weight savings based on SS1 0% 5% 10% | 35% to 40%
3.2.3 Tower Modeling and Tower Design Checks

The concrete pier elements and foundation elements of the SFOBB project
(including SAS and Skyway) are modeled using moment curvature relationships.
This modeling provides a more flexible analytical model than the use of gross
cross-sectional properties of the elements. Through the design development
process, it was noted that the foundation and tower seismic demands were
proportional to the tower stiffness. The tower modeling used in the preliminary
analysis described in this report uses gross section properties. This selection
enabled us to obtain conservative results for the tower and foundation elements in
the relatively short time frame available. It must also be noted that the global
bridge deflections, such as tower top and the superstructure at the deck level, are
controlled more by the cable system and the end piers (such as W2). The
numerous analysis iterations showed that these global deflections were not very
sensitive to the tower stiffness in the normal design range.

Discussions during the design development phase with Caltrans indicated that the
SAS tower design objective was to limit the tower response to the “essentially
elastic” level for the SEE design seismic event. The same discussions suggested
limiting concrete strains to 0.002 and rebar stains to 10% above yield. The tower
design checks for the SEE seismic event were performed using these suggested
strain limits of 0.002 for concrete and 110% yield strain (= 0.0023) for steel
re-bars. However, it must be noted that these strain limits (performance criteria)
are considerably more conservative than the SAS design criteria for its concrete
piers and the steel tower (cited below):

? Two-way spanning variable thickness precast, prestressed deck panels with an average thickness of 10 inches.
Actual thickness will depend on final weight optimized framing configuration.

1 Includes allowances for secondary framing members
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3.24

Concrete Piers: SAS Design Criteria dated 07/15/02, Section 7.11
a. Pier Concrete: 0.004 for FEE and 2/3*ultimate concrete strain for SEE

b. Pier mild steel reinforcing: 0.015 (approx. 7.3*yield strain) for FEE and
2/3*ultimate strain (taken as 2/3*0.09=0.06=29*yield strain) for SEE

Main Tower: SAS Design Criteria dated 07/15/02, Section 7.11.4
a. Max strain for the steel tower design is 4*yield in case of overload.

As the SEE event is an extreme event condition, the 110% yield strain limit on
steel rebar and 0.002 strain limit on concrete used in the present tower design
checks represents considerably more conservative performance criteria than used
in the design of the SAS (for the steel tower and other critical concrete piers). In
fact, the strain limits assumed presently for the concrete tower design checks at
the SEE level are lower than those permitted in the SAS design criteria for the
FEE event.

It is the IRT’s opinion that the performance criteria for the concrete towers need
to be refined further so the present over-conservatism can be adjusted back to a
reasonable level.

Foundation Modeling, Pile Layouts, and Design Checks

The analytical foundation model used in the present analysis is the same as SAS.
The same pile layout, pile properties, and the pile structural capacities developed
for the SAS design were used for performing the design checks for the cable-
stayed alternatives. These foundation design checks are based on the following:

1. Pile structural capacities used for the SAS design provided to us by TY Lin
for T1 and E2 foundations

2. Pile ultimate geotechnical capacity used (or considered acceptable) for SAS
design. These include:

a. T1 Drilled Shafts: 100 MN Tension, 185 MN Compression
b. E2 Piles: 65MN Tension and 125 MN Compression

The 185 MN geotechnical capacity used for the T1 piles is the sum of 145 MN in
skin friction and 40 MN in end bearing. The 140MPa in skin friction used in
SAS design is based on an assumed ultimate skin friction value of 100psi. We
have also been informed that the contribution of end bearing was ignored in the
original SAS design, but Caltrans is looking into shortening the SAS shaft
lengths by incorporating this additional capacity.

Considerably Higher Geotechnical Capacity Is Justifiable Based on
Geotechnical Test Data: It must be noted that the review of the geotechnical test
data for the T1 location indicates the estimated ultimate geotechnical capacities
used in the SAS design are extremely conservative. This is illustrated in the
following sample computation based recommended ultimate rock design strength
values reported in the 30% design report (Page 12 of Section II: Geology) and the
log for boring 98-2, taken within the footprint of the T1 foundation. The 30%
design report recommends the following unconfined compressive strengths for
the different rock types encountered:
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Estimated Unconfined Ultimate Rock Socket
Compressive Strength Qy Side Resistance''
Sandstone, Low RQD 8,400 psi ( 57.5 MPa) 250 psi (1.52 MPa)
Sandstone, high RQD 19,500 psi (135.0 MPa) 395 psi (2.41 MPa)
Siltstone/Claystone 3,500 psi ( 24.0 MPa) 175 psi (1.07 MPa)
Shaft Concrete 5,750 psi ( 35.0 MPa) 200 psi (1.22 MPa)

Rock Type

Figure 3.1 is a graph extracted from AASHTO Standard Specifications that was
used in obtaining the above ultimate rock socket side resistance values using the
rock strength data and the strength of concrete to be used for the drilled shaft
construction. The review of boring 98-2 reveals the following rock type
composition along the length of the boring: Sandstone 86%, Siltstone 9%, and
Claystone 5%. The RQD of Sandstone is relatively high along the shaft length.
The average side resistance computed using the rock strengths far exceed the side
resistance based on the shaft concrete strength. Thus, it can be concluded that the
shaft side friction resistance is dictated by concrete strength and not by the rock
strength. Using the 200 psi corresponding to the 5000 psi concrete strength
assumed, the ultimate side resistance of the rock socket per unit length is 8.4
MN/m, and the required 140 MN can be achieved in a 16.6m shaft length rather
than the 30m design length currently specified.
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FIGURE 4.6.5.3.1A Procedure for Estimating Average Unit Shear for Smooth Wall Rock-Socketed Shafts
Horvath, et al. (1983)

Figure 3.1: Ultimate side resistances (from AASHTO)
Thus it can be observed that the geotechnical shaft capacities currently used for

the SEE event appear to be extremely conservative and, as illustrated later, the
actual pile lengths can be shortened for the cable-stayed options.

" From AASHTO Standard Specifications, Figure 4.6.5.3.1A (See Figure 3.1)
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3.25

3.2.6

Energy Dissipation, System Ductility and Seismic Safety

The four-legged concrete tower design is similar to the SAS tower configuration,
and the preliminary analysis incorporated the same shear links as provided in the
SAS design. Further, the performance criteria used in the present study for shear
links are the same as the SAS. The amount of shear links could be easily adjusted
as the designs are further developed.

Pier W2 is a critical pier in the SAS design and includes ductile detailing
appropriate for such a critical element. For Alternate 1, we have provided
additional W2 Pier columns and reduced the seismic demand per pier column.
This provides a system with the same ductility level as SAS, but with much less
seismic demand per column, providing an additional level of seismic safety.
Alternatively, the number of W2 columns could be reduced to bring the seismic
demand per column up to the same level as SAS. This is a final design issue that
can be explored in the next stage of design development.

The stay cables of the cable-stayed options provide considerable stability to the
tower. The tower structural behavior is considerably improved (from the
essentially flagpole type behavior in the SAS system). The increased tower
stability results in better tower performance under seismic loads. As discussed
previously, the seismic performance criteria selected for the concrete tower
design checks will enable the structure to withstand a higher magnitude seismic
event with the same level of performance as the SAS design criteria or provide a
better performance level than required in the current SAS design under the design
SEE event.

Loading Conditions

Time limitations required the preliminary analysis to be based upon the one or
two seismic records (form the total of six available) that would govern the design
of the global elements. Based upon the experience with the SAS design, TY Lin
staff picked the ground motion record 1 for the preliminary analysis. This
enabled us to be able to execute a reasonable number of analysis iterations
needed in the design developments within the timeframe available.

In addition to the above DL + SEE Seismic loading, the AASHTO Group I
factored load combination using highway traffic loading was also used in
checking the major elements of the superstructure. As described later on, seismic
loading governed the superstructure design by a considerable margin, indicating
that the DL and LL+I load combinations are not likely to control the final design.
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3.2.7

Interface Issues

The SAS design interacts with the adjoining YBI and Skyway structures through
Hinge K located west of Pier W2 and Hinge A located east of Pier E2. The
interface mechanisms provided at these locations transfer the loads from one
structure to the other and facilitate the necessary relative movements between the
two structures. The structural systems envisioned for the cable-stayed
alternatives will be designed to interact at the interfaces in the same manner.
Cable-stayed alternatives were developed with options on where the transitions
will be located. These transition options included:

+ Keeping the transitions exactly where they are now, so no change to the
Skyway design is needed

¢+ Moving the transitions to locations that optimize the overall cost and
schedule

Both of these are viable options with different advantages, and would work
equally well from a technical standpoint. The key issue with respect to the
interfaces is the forces and movements that the hinge devices must accommodate.
This can easily be established by comparing the SAS design force and movement
levels at the hinge locations to those obtained for the cable-stayed alternatives.

YBI: All of the cable-stayed design options keep the YBI interface near the
existing Hinge K location. As the YBI design is still being developed, it is our
opinion that any minor modifications needed could be built into the design of
YBL

Skyway: As noted previously, some of the optional layouts are developed,
keeping the Skyway transition at the existing Hinge A location. For these, the
only check needed is the force and movement levels in the hinge mechanisms.
In this case, no Skyway design change is anticipated. For those cable-stayed
options where the Skyway transition is located away from the existing Hinge A
location, an evaluation of the impact to the Skyway due to the location change
must be made.

Following is a summary of the possible hinge locations on the Skyway side:

+ Cable-Stayed Alternates 1, Transition Option A: The cable-stayed
superstructure is continued over Pier E2 up to the Hinge A location, similar
to the SAS design. Thus location of the transition point is unchanged. Under
this scenario, if the forces and displacements are within those for the SAS
design, there is no impact to the Skyway.

+ Cable-Stayed Alternate 1, Transition Option B: The Skyway structure is
continued over Pier E2 to a revised hinge location west of E2. The extension
length of the Skyway structure can be selected to provide the best possible
scenario for the Skyway, as this is not critical to the cable-stayed design. In
addition to the force levels in the hinge mechanisms, the consequences of
Skyway extension by one more span must be addressed. This transition
option eliminates the need for temporary piers (to support the Skyway until
the main span is complete, and also offers schedule advantages. We
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3.3

anticipate that there are viable options for handling the impact of the revised
hinge location on the Skyway design.

+ Cable-Stayed Alternate 2: The Skyway transition options A and B are the
same as those described for Alternate 1, with similar conclusions.

+ Cable-Stayed Alternate 3: The Skyway transition location for this alternate
has to be located west of Pier E3, close to the start of the steel nose section
under the SAS design. In addition to the interface forces, the impact to the
existing Skyway design due to the reduction in weight of the cantilever'
must be considered. However, this can be handled relatively easily by
providing a sufficient permanent ballast weight at the end of the Skyway
section, or a combination of sufficient permanent ballast and a sufficient
permanent reaction from the cable-stayed bridge.

Alternate 1, Transition Option B was selected for analysis, as it is the most
conservative for W2 and T1 foundations". It is also more conservative for E2
foundations, as the seismic shears due to a heavier extended Skyway would be
considerably more that under transition Option A. This would ensure that the
analysis conclusions from transition Option B with respect to the foundations,
towers, global superstructure behavior, and interface forces would apply
conservatively to the transition Option A.

Preliminary Design Development Process

The preliminary design development process selected was custom tailored to identify the
foundation and environmental impacts, tower design potential, seismic safety issues, and interface
issues in a conservative manner within the relatively short time span available. For this reason,
the structural layouts, weights, and other input data used in analysis were selected to be the most
conservative of the range of possibilities for each of the cable-stayed alternates. The parameters
such as the superstructure weight, section properties, and the Dead Load (DL) condition used in
the analysis were selected to cover the range of options discussed previously with respect to the
different choices available for the next stages of design development. Final design would allow
further optimization of structural elements of any of the cable-stayed alternatives.

The time span available for this investigation was not sufficient to develop computer models
needed for seismic analysis from the beginning, using independently developed foundation
elements and the soil-structure interaction aspects. To expedite the design development process,
HNTB requested the original ADINA model files from the SAS designer, TY Lin. However, due
to some logistical issues, the working arrangement for the preliminary development phase
consisted of HNTB providing the bridge layout, structural information, and other parameters to
TY Lin for running the analysis and providing the results to HNTB for the next iteration of
preliminary design development. Following are summary descriptions of this preliminary design
development approach:

1. HNTB developed models of the cable-stayed alternates where the foundations and the
interface effects were represented using equivalent mass and stiffness properties. This
model was used to obtain the desired DL condition, verify the different member sizes,

2 Due to the elimination of the steel nose section
" For Option B, Pier E2 is not directly connected to the main span bridge and results in higher seismic demands on
W2 and T1
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and examine stability and other global issues. It was also used as a tool to examine the
effects of certain design refinements on foundations, towers, and other global elements.
The same basic model was also used in Live Load (LL) analysis and subsequent pushover
analysis. To make the comparisons transparent, the same overall modeling arrangement,
similar to that used by TY Lin’s, was adopted (nodal layout, member layout, and general
modeling approach) in developing HNTB’s independent models.

HNTB then provided TY Lin the structural geometry, member sizes, and DL condition,
including the cable forces, so the original SAS model could be revised to reflect the new
cable-stayed layout and specific boundary conditions. TY Lin then implemented the
changes in their ADINA model, ran the DL and the SEE seismic loading, and provided
HNTB with analysis results.

HNTB also requested and obtained from TY Lin the SAS design criteria and information
on the SAS design demands, as well as information on the structural capacity of the piles
and E2 and W2 Pier columns.

HNTB refined the structural layout by evaluating the analysis results against the design
criteria, seismic performance, and the capacities of the as-designed elements (piles, Piers
W2 and E2, shear links etc.) to:

a. Reduce impacts to the foundations, piles, and other as-designed elements
b. Improve the seismic performance and safety issues
c. Optimize the design with respect to cost and schedule

The above design refinement/re-analysis process was iterated about three times for each
alternate to obtain the final structural layouts and the conclusions presented in this report.
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Cable-Stayed Alternate 1




CABLE-STAYED ALTERNATE 1:
180M - 385M TWO SPAN LAYOUT

4.1

Description of Cable-Stayed Alternate 1 Structural Layout

The preliminary structure layouts shown in drawings 1 to 9 were developed following the process
described previously in Section 3. The development assumptions and key features of Cable-
Stayed Alternate 1 are as described in the following:

The deck weight assumed is the heaviest of the options previously listed in Table 3.1. The Cable
Stay Alternate 1 was developed with two transition options on the Skyway side as the two
transition options provided different advantages as noted below:

Skyway Transition Option A: This option places the cable-stayed to Skyway transition at the
original Hinge A location (the same as with the existing SAS design) and has the following
advantages:

1. Based on the results on the preliminary analysis', it has no impact on the Skyway design by
inspection, and eliminates the need for re-analysis of the Skyway.

2. Avoids the sunken costs associated with the steel nose section (partly fabricated). However,
this is a relatively small cost component in the overall context of the project

3. Pier and foundation E2 become a part of the cable-stayed structure and can be used to better
optimize the global layout with respect to seismic performance and structural efficiency.

4. Minimal or no change to the existing hinge details

Skyway Transition Option B: This places the transition at a location west of Pier E2. The
segmental concrete Skyway (typical concrete box girder superstructure) is continued a sufficient
distance beyond Pier E2 on to the main span side. The advantages associated with this transition
option are:

1. Faster construction schedule, as the current Skyway contractor can continue superstructure
construction all the way to the new hinge location.

2. Eliminates temporary piers needed to support the steel nose section until the main span bridge
is completed.

3. Eliminates the need for a third different structure type, as the main span (assumed steel
composite) is transitioned to the Skyway segmental concrete.

"1t is our understanding (per communications with T Y Lin) that the interface forces for Alternate 1 are within
those the existing design can accommodate
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The key technical challenges encountered in the development of Cable Stay Alternate 1 are:

*

Finding an efficient structural system that can accommodate the relatively large main span to
back span length ratio (this typically requires a much heavier back span than the main span).

Finding an efficient system that can resist the seismic forces due to the additional weight of
the structure (when compared to SAS), without a substantial increase in tower base moments
and foundation loads.

Optimizing the structure in terms of its mass and stiffness distribution in such a way that the
as-designed SAS foundations at T1 and E2 are sufficient. (The ability to use the as-designed
SAS foundations' provides substantial cost and schedule advantages — discussed later).

An optimal solution to these three challenges was found by concentrating the additional weight of
the heavier back span within a limited region at Pier W2, and then providing additional seismic
capacity at W2 by adding extra pier columns. These additional pier columns not only carry the
additional locally concentrated weight, but also provide a direct load path for transferring the
seismic forces to the bedrock in a highly cost effective manner. This in turn reduces the seismic
demands on the foundations T1 and E2 in the bay, where the costs of the foundations are very
high relative to the cost of additional columns at Pier W2. The overall structural system also
provides a high level of seismic safety by reducing tower demands. Additional tower stability is
provided by the back stay cables anchored to the deck at Pier W2.

4.2 Results of Analysis and Design Checks (for Layout Shown In Drawings)

1.

CS Alternate 1 : T1 Foundation (13 Shafts)

Foundations: The SAS foundations can be used as-is for Cable-Stayed Alternate 1. The
following graphs show the demand plotted against the capacity for the drilled shafts at T1 and
driven piles at E2. The pile capacities have been computed based on the same design criteria
and design data as used in the SAS design.

CS Alternate 1: E2 Foundation (16 Piles)
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' See the section 4.2(1)
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From the graphs, it is shown that the drilled shafts at T1 and piles at E2 have the following
additional capacities:

T1 Drilled Shafts: Approximately 48% additional capacity available

¢ Structural  =48%

¢ Geotechnical = 12% (The IRT believes the geotechnical capacity can be equal to or exceed
the structural capacity based on rock strength data, see section 3.2.4

E2 Piles: Approximately 25% additional capacity available
¢ Structural =25%
¢ Geotechnical =40%

These additional pile capacities provide a considerable margin of design contingency. The
existing pile caps can also be reused as-is (or with minor modifications) by providing a tower
base plinth for load distribution. This will be done as a part of the final tower design
development. Further, we have also verified through a preliminary pushover analysis (performed
in the transverse direction) that the tower legs yield prior to the drilled shafts by a wide margin,
and that the typical 1.5 capacity ratio can be met.

2. Concrete Tower: The following graph shows the tower base demand for the controlling
seismic loads plotted against the capacity of the tower legs based on 0.002 strain level in
concrete and first yield of rebar obtained from Caltrans’ X-Section Program.
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The above graph indicates that the tower legs can meet the seismic demand under the very
stringent criteria adopted for the check, and have excess capacity allowing for further design
optimization (and reduced seismic demands). This verifies that the concrete towers can be
designed to meet or exceed the SAS/SFOBB seismic design and performance criteria.
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3. Tower Shear Links: The same shear link properties and shear link placement as the SAS
was assumed for Cable-Stayed Alternate 1. The analysis results show that the performance of
the shear links is within the SAS seismic design criteria.

. Shear Link Plastic Rotations (Radians)
Shear Link — -
Orientation Cable-Stayed Limiting Rotation per
Alternate 1 SAS Design Criteria
Longitudinal 0.065 0.08
Transverse 0.030 ]

4. W2 and E2 Pier Columns: The seismic performance of the W2 and E2 Pier columns for the
cable-stay alternatives can be verified relatively quickly by comparing the moment demand
for the cable-stayed with those for the SAS design. This provides a firm verification that the
pier columns can provide the same level of seismic performance as incorporated into the SAS
design. The following tables compare the maximum demand per pier column at Pier W2 and
per pier column at Pier E2, relative to the corresponding SAS design demands.

Pier W2 - Maximum design demand per pier column:

Axial L-Mom T-Mom
MN MNm MNm
SAS 170/ -100 300 230
Cable-Stayed
Alternate 1 73 /-62 237 117

Pier E2 - Maximum design demand per pier column:

Axial Mom

MN MNm
SAS 120 /-30 800
Cable-Stayed 170/30 880
Alternate 1

The demands on pier columns at W2 for Cable-Stayed Alternate 1 are well below the SAS levels.
The 10% higher moment demand on E2 is compensated by the beneficial effects of the increase
in axial loads (especially the elimination of tension). Furthermore, these moments for the cable-
stayed alternate were obtained for the worst-case scenario for this option. It is expected that the
E2 moments can be reduced to the SAS levels through further design refinements.
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5. Interface Forces: The governing forces at the Skyway and YBI interfaces are listed below:
Interface Forces and Movements - Cable-Stayed Alternate 1
Forces Movement
Transverse | Vertical | Longitudinal
Shear Shear Displacement
(MN) (MN) (mm)
YBI Cable-Stayed 8 41 1102
(Hinge K) Alternate 1
8 SAS 16 74 1285
Skyway Cable-Stayed 2 23 1370
(Hinge A) Alternate 1
8 SAS 16 32 1170
The table shows that interface forces and movements for the Cable-Stayed Alternate 1 are
roughly the same as for the SAS. It is reasonable to expect that the existing hinge mechanism
designs could be used for the Cable-Stayed Alternate 1 with little or no change.
6. Global Superstructure: The following stress plot illustrates the longitudinal girder stresses
for:
¢ DL+SEE Seismic
¢ Factored AASHTO Group I loading (DL + LL+I)
From this plot the following can be concluded:
1. The stresses are within allowable range
2. Seismic load case governs the design
3. The girder section can be further reduced if Grade 70 steel is used
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4.3

Conclusions of the Technical Analysis of Cable-Stayed Alternative 1

1.

General: The analysis is based on conservative assumptions with respect to key elements
such as the superstructure weight, tower weight, and tower stiffness. The demands for the
foundations and towers during the next stage of design development are expected to be lower
than those predicted at this stage.

Foundations: The analysis shows that the existing T1 and E2 foundations can be used as-is
for Alternate 1. Furthermore, there is additional reserve pile capacity of nearly 48% at T1
and 25% at E2. It is hard to anticipate a reason for needing more piles based on the analysis
data. However, should additional capacity be needed, additional piles can be added without
increasing the existing foundation footprints.

Seismic Performance: Seismic performance levels specified in the SAS design criteria can
be met or exceeded for all of the elements examined. This includes meeting the strain levels
with foundation elements, towers, piers, superstructure, shear links, and all other global
elements that were the focus of this preliminary design development.

Tower Design: The concrete towers can be designed to meet the seismic performance
requirements of the project using less than 4% rebar steel as required by ATC-32. Also, the
limits on tower concrete and steel strains assumed for the present study show that the tower
can be designed to a seismic performance standard equal to or exceeding those adopted for
the SAS tower design.

Impacts to YBI and Skyway Designs: The Transition Option A allows elimination of the
design impacts to Skyway. The design impacts to YBI are minimal and can be readily
incorporated in to the design. For Transition Option B, we believe that feasible solutions
exist.

Interface Forces and Movements: The analysis results show that the existing hinge design
and details can be used with little or no change.
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B | EXTENSION
=
v S MAIN FLGOR BEAMS 10m CIC
N CONCRETE SUPERSTRUCTURE SECTION
= INOTE 2)
NOTES: | Sheet 4 of 9
& 1, CONGRETE DECK ASSUMED FOR PRELIMINARY DESIGN (HEAVIEST OPTION), - -
“ STEEL ORTHOTROPIC DECK CAN ALSO BE USED IN PLACE OF CONCRETE DECK. SAN FRANCISCO OAKLAND BAY BRIDGE
= FOR THE CONCRETE DECK OPTION SHOWN, DECK SLAB DETAILS AND SECONDARY BAST SPAN SEISMIC SAFETY PROJECT
O FLOOR FRAMING ARE NOT SHOWN. :
A 2 BALLAST CONCRETE NOT SHOWN, T ARCHITECTS ENGINEERS PLANNERS
o 1. SUPERSTRUCTURE CABLE ANCHORAGE LOCATIONS SHOWN ARE SCHEMATIC. : i The HINTB Companies
CS ALTERNATE 1: 180m-385 TWO SPAN LAYOUT
< " SUPERSTRUCTURE CROSS SECTIONS
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TOWER SECTION A-A
TOWER SECTION TABLE
Elev. t B
3.0m 1O 20.0m 1.6m Varies 6.0m TO 5.0m
20.0m TO 73.0m 1.0m Varies 5.0m TO 4.4m
73.0m 70O 153.0m 0.8m Vaties 44m TO 4.0m
153.0m TO 217.0m 0.6m 4.0m
NOTE:
1. SHEAR LINKS SAME AS SAS.
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